We present a scenario where the stability of dark matter and the phenomenology of neutrinos are related by the breaking of a flavour symmetry. We propose two models based on this idea for which we have obtained interesting neutrino and dark matter phenomenology.
Introduction
We propose an extension of the SM 1) in the context of the discrete dark matter (DDM) mechanism 2) . This mechanism is based upon the fact that the breaking of a discrete non-Abelian flavour symmetry accounts for the neutrino masses and mixing pattern and for the dark matter stability. In the original DDM model A 4 is considered as the flavour symmetry and the particle content includes four scalar SU (2) doublets: three in the A 4 triplet η = (η 1 , η 2 , η 3 ) and the SM Higgs H as a singlet, four right-handed neutrinos, three of them in a triplet N T = (N 1 , N 2 , N 3 ) and N 4 as a singlet. On the other hand, the charged leptons (doublets L i and singlets l i ) are assigned to the three different singlets of A 4 in such a way that their mass matrix is diagonal. Finally in the DDM model, the breaking of A 4 into Z 2 , through the electroweak symmetry breaking, provides the stability mechanism for the DM and accounts for the neutrino masses and mixing patterns by means of the type I seesaw. Nevertheless the original DDM model predicts an inverse mass hierarchy, a massless neutrino and a vanishing reactor neutrino mixing angle that nowadays ruled out 3) .
Reactor mixing angle and the DDM mechanism
We consider two extensions (model A and B) of the original DDM model, where we have added one extra RH neutrino N 5 , as 1 in model A and 1 in model B, and three real scalar singlets of the SM as the triplet φ = (φ 1 , φ 2 , φ 3 ). The relevant particle content is summarised on Tables 1 and 2 . The flavon fields φ acquire a vev around the seesaw scale, such that A 4 is broken into Z 2 at this scale contributing to the RH neutrino masses. Table 1 : Summary of the relevant particle content for model A.
Considering the matter content in Tab. 1, the relevant part of the Lagrangian is given by 1 2 :
In this way H is responsible for the quarks and charged lepton masses, the latter automatically diagonal. The Dirac neutrino mass matrix arises from H and η, and the flavon fields contribute to the RH neutrino mass matrix. In order to preserve a Z 2 symmetry, the alignment of the vev's take the form:
From Eqs. (1) and (2) the light neutrinos get Majorana masses through the type I seesaw relation taking the form:
The mass matrix in Eq. (3) has the B 3 two-zero texture 4) which is consistent with both neutrino mass hierarchies and can accommodate the experimental value for the reactor mixing angle, Table 2 : Summary of the relevant particle content for model B.
1 The term y The relevant part of the Lagrangian for model B, Tab. 2, is given by
The mass matrix of the charged leptons is diagonal, while the light neutrinos Majorana mass matrix after the type I seesaw is
with a and b as in model A and c =
The mass matrix in Eq. (5) correspond to the two-zero texture mass matrix B 4 4) , which is also consistent with both neutrino mass hierarchies and can also accommodate the reactor mixing angle.
Results
We performed a numerical scan using the four independent constraints coming from the two complex zeroes, to correlate two of the neutrino mixing parameters. We use the neutrino oscillation fit data from different groups, for instance 6) , as inputs and numerically scanned within their 3σ regions to determine the allowed parameter space. In Fig. 1 we show the correlation between the atmospheric mixing angle, sin 2 θ 23 , and the sum of light neutrino masses, m ν , for model A (B) on the left (right). In the graphics, the allowed 3σ regions in sin 2 θ 23 vs. m ν , for the normal hierarchy (NH) is plotted in magenta and for the inverse hierarchy (IH) in cyan. The 1σ in the atmospheric angle is represented by the horizontal blue (red) shaded regions for the IH (NH) and the best fit values correspond to the horizontal blue (red) dashed lines for the IH (NH). The grey vertical band represents a disfavoured region in neutrino masses 7) . We have constructed two models based on the DDM mechanism where the A 4 is spontaneously broken at the seesaw scale into a remanent Z 2 . The models have two Z 2 odd and three Z 2 even RH neutrinos, the latter giving light neutrino masses via type-I seesaw. The breaking of A 4 is leaded by the flavon fields in a way that we get two-zero textures for the light Majorana neutrinos mass matrices. These are in agreement with the experimental data and both mass hierarchies. The models also contain DM candidate the two Z 2 odd RH neutrinos. Finally, we have presented correlations between mixing parameters and lower bounds for the neutrinoless double beta regions.
